We predict solitonlike pulses and precursors at the Stokes frequency in stimulated electronic Raman scattering at the photoionization front of pumping x-ray radiation. on different photoionization mechanisms.
Fast processes in stimulated Raman scattering may result in (bright) soliton formation at the Stokes frequency (combined with the formation of dark" 2 or bright 3 solitons at the pumping frequency). These formations are true' (and substantially coherent whether transient 2 or stable 3 ) solitons in the sense that they conserve energy and their duration must be shorter than relaxation times of the underlying two-level Raman-active transition in the material. The emergence of x-ray lasers calls for exploration of new, x-ray nonlinear optical effects. 4 In our most recent research on x-ray stimulated Raman scattering 5 we considered the main new factor: the presence of strong direct or indirect photoionization of the media by both the pump and the Stokes pulses (even at moderate pulse intensities, the x-ray radiation can fully ionize the atoms in a fraction of the pump pulse duration). We showed that, despite an extremely fast photoionization, a significant exponential gain as well as conversion efficiency can be attained in resonantly enhanced stimulated electronic Raman scattering (SERS) in gaseous Li and He. One of the major results is that the presence of SERS can significantly inhibit the photoionization of the media. In this Letter we show also that the x-ray SERS may form stable, solitonlike pulses at the Stokes frequency at the photoionization front of x-ray radiation.
To distinguish this phenomenon from the true solitons (whose energy and momentum are conserved in time), we will call it ionization-front stimulated Raman (IFSR) solitons. 
Here N is the atomic number density, Sp = -Ss = -1, and K is the compound matrix element for the SERS process. 5 ' 8 ' 9 When K = 0, Eqs. (1) correspond to the direct photoionization of atoms (from both the levels) by the pump and Stokes radiation with short ionization times, such that the recombination process can be neglected. Equations (1) Considering now both pump and Stokes fields in Eqs. (2), we start with an IFSR soliton in He, namely, 0,2 = 0. Figure 1 depicts typical numerical solutions for the intensities and populations obtained with spectroscopic data for He. We assumed semiinfinite pump and Stokes pulses with, initially, 4's << Op, The stationary solution in this case consists of a stable Stokes pulse traveling with exactly the same velocity as the photoionization front (and the leading edge of the pump). Figure 1 shows that the coherent SERS process significantly inhibits the photoionization of neutral atoms by x-ray radiation, the degree of this inhibition being measured by the population of the excited Raman level in the wake of the Stokes pulse P22&M) = a. This inhibition occurs because a significant portion of neutral atoms ends up being parked at the upper excited level, whose photoionization cross section is very small. Repeated numerical simulations revealed that neither the shape of the IFSR soliton nor a depends on the shape of the initial leading edge of the pump or Stokes pulses. It was also found that a is purely spectroscopic parameter, independent of neither cID(oo) = zDo nor N (for the particular SERS in He, alHe 0.3). We can find a useful analytical relation between an unknown group velocity of the IFSR soliton, v, and the parameter a by considering the constant of motion of these equations (for 0-2 = 0), which exists despite the strong photoionization of the medium. Indeed, defining p, = p", + P22 and (DI = + (DP, one readily verifies that Pi -8cF1jN = const. (--) = 0, the IFSR group velocity in He (which is also the modified photoionization-front velocity) is
Thus the IFSR soliton not only inhibits the photoionization but also permits a much faster propagation of the photoionization front as compared with non-Stokes propagation, given by Eq. (5) Here again we see a significant inhibition of the photoionization process (for a particular SERS in Li, aCLi ;j 0.83), but the shape of the IFSR pulse is drastically different. According to Eqs. (2), in an ideal stationary solution (i.e., that resulting from infinitely long propagation) we have two semi-infinite pulses (one pumping and one Stokes), with the leading edge of the pump pulse (the photoionization front) coinciding with the trailing edge of the Stokes pulse. In practice, although the trailing edge of the Stokes pulse travels with the same velocity as the photoionization front, its leading edge travels much faster (actually with the velocity of light in neutral media). The length of such an almost rectangular pulse thus increases linearly with the distance traveled in media. 5 Therefore in the x-ray IFSR soliton in Li' we have a strong Stokes precursor, arriving at the end of the cell significantly ahead of pumping. This effect can be used for measurements as well as for a pilot warning of the trailing photoionization front. For a propagating distance of 10 cm, a pump intensity of 1012 W/cm 2 , and N = 1018 cm-' (-0.1 atm at T = 800 K), the warning time is -100 ps. We again obtain a useful relation by considering the constant of motion (with oll = us = 0): 
Here the photoionization time is also shorter than flo and is given as ?7Li (1 -aLi)770o.1
In conclusion, we have predicted two major types of IFSR solitons that result from resonantly enhanced x-ray SERS. We have shown that in He the solitonlike Stokes pulse can carry significant energy, inhibit the photoionization, and increase its front velocity. In Li, the leading edge (precursor) of the Stokes pulse is moving much faster than the trailing (photoionization) edge; this IFSR soliton also inhibits photoionization. 
